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PART [-INTRODUCTION

PRODUCT: Epoetin alfa [ PROCRIT and EPOGEN]. There are no product changes in
connection with this supplement.

SPONSOR: AMGEN Incorp.

INDICATIONS: The data/information provided will support changes in the labeling of Epoetin alfa for
orrection of ancmia an ion of nsfusi i in the following clinical

situations:

pediatric chronic renal diseasc (CRF) patients on dialysis

pediatric CRF patients not on dialysis

pediatric cancer patients who have received chemotherapy

HiV-infected pediatric paticnts with anemia sccondary to zidovudine-trcatment

SN -

BACKGROUND AND RATIONALE: Epoictin alfa was approved for correction of ancmia in adults
with chronic rcnal failure (CRF) in 1989 on the basis of its ability to increase hematocrit/hemoglobin 10 a
target level and maintain the increase over time as well as decreased need for red blood cell transfusion
support. Liccnsure was supported by data indicating improvements in quality of life. Labceling for Epoctin
alfa specifically precludes its use for correction of severe ancmia or use in emergency situations. Since
1989, numcrous rcports of off-labcl use of crythropoietin in children have suggested Epoctin has
comparablc activity and safety to that in adults. The estimated numbcer of ncw cases of chronic renal
discasc in children is onc per 100,000 population /ycar (U.S.) or an cstimated 24,000 ncw cascs a ycar.

It has been obscrved that the ancmia associated with CRF in the pediatric age group is morc severe than in
adults having the same degree of renal discasc ( referenced to Muller-Weifel, DE, Scigallla, P., Contrib
Nephrol. 1988.66:71-84). The anemia and the need for repeated blood transfusions is a factor in the
children’s physical impairments and poses mcdical problems. Frequent blood transfusions may result in
scrious indirect complications. Thesc include: a) iron ovcerload; b) febrile and hemolytic reactions to
leukagglutinins; ) cytotoxic HLA antibodies which could compromisc and limit later renal transplants. In
addition transfusions posc risks in transmission of infcctious agents including HIV, CMV, hcpatitis C.

1t has been speculated that there arc differences in response to crythropoictin between children receiving
different modes of dialysis. In a review of pediatric renal failure, endogenous Erythropoictin concentrations
were 24.61 2.1, and 41.615.6 and hematocrits were 22.2+, and 25.2+ 0.8, in hemodialysis and pcritoncal
dialysis paticnts respectively ( referenced to Muller-Weifel, DE, Scigallla , P. Contrib Nephrol.
1988:66.71-84). These data were in children who had not received exogenous Epoctin therapy.

The present supplemental application supports changes in Epoctin alfa labeling for pediatric use. The
changcs in labeling are supported by 4 clinical trials at nincteen sites, by published medical litcraturc and
-by analyscs of post marketing safety data (sce Sources of Data/Information below).

SOURCES OF DATA/INFORMATION:

Sponsor submitted data: The major source of data was the initial sponsor application of 45 volumes
submitted Dccember 31, 1996 . log # L97000070. An outlinc of its organization is shown in the tablc
labcled . ORGANIZATION OF THE APPLICATION BY SECTION AND VOLUME. Data tables/figurcs
were available from a number of sources which included the Final Study Report (FSR) [ Section 10]; the
Summary of Efficacy (SOE) [Scction 3.3 and attachments] and the Integrated Safety Summary found in
Scction 3.4 and attachments -volumes | and 2. There arc minor discrepancies between the SOE and FSR
attributablc to the fact that additional information becamc available only after the FSR had been completed.
The SOE and Integrated Safety Summary scrved as the main but not exclusive source for the Reviewer
report .



Additional material submitted by sponsor at CBER request:

¢ Log number # L97004881 , March 17, 1997, one volume, sponsor proposcd revisions in
~=- “package inscrt on computcr discs ' '

¢ Log number L97005974, April 1, 1997, one volume, information on completeness of
computer scarch literature review

e Log number L97006095, April 4, 1997, one volume, data on patient- i) list of verbatim terms
rcported as * myalgia” (Preferred term ) ; ii) years of patient cxposure to Epoctin alfa

STUDIES AND OTHER REVIEWED MATERIAL: Data from four prospective sponsor-conducted
clinical trials support pediatric licensure for the first indication, that is, correction of anemia in children
with CRF on dialysis. The first two of these trials, EPO-8702 and EPO-8905 showed safety and activity in
small, pilot studies (n=5 and 10 subjects). They were followed by EPO-9002, a larger (n=113), double
blindcd. placcbo-controlled study in pediatric CRF paticnts undergoing dialysis. At termination of EPO-
9002, 74 of 113 subjects patients were entered into a long term maintcnance study, EPO- 9118.

Rclevant data on subject number, dialysis type, experimental design and study duration arc shown in table
below.

A litcrature review supports pediatric licensure for the first indication ( source-section 3.5, vol. 3).

A literature review supports pediatric licensure for the 2nd, 3rd , 4th indications (source-section 3.6, vol. 3).

Additional safcty data from 21 pediatric subjects is provided by |
(sourcc-vol. 44, appendix 3.6C)

Additional reports of postmarketing AE in pediatric paticnts is provided from both AMGEN an¢
(source- vol. 44, appendix 3.6D).

PROPOSED LABELING: The new labeling submitted by sponsor is found in enclosure 1. CBER will
revise the above further. Special concern to CBER reviewers arc :

1. Pagc volume 1/9 makes the statcment that , “ The pharmokinctic profile of EPOGEN/PROCRIT in

children and adolescents appears to be similar to that of adults™. Pharm./Tox. review by Dr. Green will
evaluate this statement.

FOUR SPONSOR CONDUCTED STUDIES

EPO-8702: Trcatment of Paticnts Undcrgoing Continuous Ambulatory Dialysis /Continuous
Cycling Pcritoncal Dialysis with Recombinant Human Erythropoictin by Subcutancous
Administration (n=5).

EPO-8905: A, Doublc blind. Placcbo-controlled Study of Recombinant Human Erythropoictin
in Pediatric Dialysis Paticnts (n=10).

EPO-9002: A Phase 3, Double-blind, Placcbo-controllcd study of EPOGEN® (Epoctin alfa) in
Pcdiatric Dialysis Paticnts (n=113).

EPO-9118: Long-tcrm Maintenance Treatment of Chronic Pediatric Dialysis Paticnts with
— Recombinant Human Erythropoictin (Epoctin alfa) (EPOGEN®) ( n= 74).



Dialysis
Modc

8/26/87

11/6/89

11/21/90

3/1/3/92

Expcrimental
Dcsign

Single arm,
pilot study

Two arm,
placebo
controlled,
randomized
Two arm,
placecbo
controlled,
double blinded,
randomized
Single arm of
subjects from
9002 on
maintcnance

* 74 paticnts crossed over from EPO-9002 to EPO- 9118 ** Both studics were administratively terminated

carly and not all subjccts completed the full experimental program

PD is peritoneal dialysis; HD is hemodialysis




ORGANIZATION OF THE APPLICATION BY SECTION AND VOLUME

DESCRIPTION .
Gencral information, rationale, and introduction to study
Study Report of cfficacy in pediatric CRF patients on dialysis plus Attachments
(supporting tablcs, figures and lists)
Study Rcport of integrated safcty data including postmarkceting reports,
attachments , supporting tables, figurcs & lists

Litcraturc review supporting indication for pediatric paticnts on dialysis- 61 papers
Literaturc review supporting indication for correction of anemia associated with
ziduvudinc usc, cancer and in CRF paticnts not on dialysis - 42 papers
Antibodies to erythropocitin in paticnt scra

Pharmocokinctics for pediatric CRF paticnts on dialysis

List references for sections 3.4 and 3.6 (n=103)

Clinical Study Report for EPO- 9002, plus tablcs and figures

Clinical Study Rcport for EPO- 9002

Study protocol starting 8/29/90, amended & dated 3/23/93
Casc Report forms
Scrious AE reports , CRFs and autopsy report patient 0104
Various tables and figures
Clinical Study Report for EPO- 9002 incl. statistical analyscs
List of AE patient by paticnt
Clinical Study Report for EPO- 9002
By paticnt plot of weekly dosc, het, and AE over time
By paticnt plot of systolic & diastolic B.P. over time
By paticnt plot of Tf, ferritin, & Fc supplcment over time
Clinical Study Report for EPO- 9002-Investigator Comment Log
Clinical Study Report for EPO- 9002- Nutrition studics
Clinical Study Report for EPO- 9002-Cognitive function and Bone Age
Clinical Study Report for EPO-9118
Clinical Study Report for EPO-8905
Clinical Study Report for EPO-3702
Data listings for pediatric CRF paticnts on dialysis
Paticnt ID codes for pediatric CRF patients on dialysis
Postmarketing experience for pediatric CRF paticnts on dialysis
Sponsor-prepared abstracts of literature for pediatric CRF patients on dialysis
Full articles/abstracts supporting pediatric CRF paticnts on dialysis
Post marketing experience listings and CIOMS forms

- .— Articles supporting indication for CRF paticnts not on dialysis/ Zidovudinc. cancer




PART Ila- STUDY EPO -9002

1. STUDY DESIGN

Overview: Study EPO-9002 is the major study supporting use of Epoctin in pediatric patients with
chronic renal discase. 1t was a | 13 paticnt, multi-institutional, two arm study (EPOETIN arm and
CONTROL arm) with 16 listed sitcs/ Principal Investigators.

Experimental design: Following enrollment, patients werc randomized in approximatcly cqual
numbers to cach arm. The first 12 week period was doublc blinded ; after that point the remainder of the
study was open label. Stratification was by sitc and within the sites by method of dialysis (hemodialysis
vs. peritoneal dialysis) and by ages 0-<5, 5-<15, 15-<18 creating six stratification cohorts in each center.

Wock 24
fi ’ Masatenance  Maintenance
] Epoctin

Maintcnance
% Epoctin

48
The study arms were divided into 12 weck or multiples of 12 weck phases- as outlined in the above
schematic. The first phasc was weeks |- 12 wecks of the study in both arms and was referred to as the
double-blind phasc. During the doublc blind phasc EPOETIN arm subjccts were titrated with Epoctin
whilc the CONTROL arm subjects reccived a placebo. At end of week 12, the CONTROL arm was crosscd
over to Epoctin titration using the same dosing rules applied to the EPOETIN arm, whilc EPOETIN arm
paticnts started a Epoctin maintecnance phasc to last 24 weeks. At week 36 the EPOETIN arm subjects went
off-study. The CONTROL arm complcted Epoctin titration at end of week 24 and began the 24 weck
maintcnance phasc. At weck 48 thc CONTROL amm subjects went off study.

Planned analyses: Titration and maintcnance phascs werc non- concurrent (see schematic above) to
permit a comparison for treatment effect of Epoctin titration vs. placebo treatment during the first 12
weceks. The usc of crossover to Epoctin titration and the non-concurrent maintenance phases insured that all
113 paticnts in both arms received full titration and maintenance courses of Epoetin and permitted analysis
of all paticnts for responscs to Epoctin therapy. Four primary endpoints which were analyzed at three
critical timepoints..
Brimary efficacy endpoints:-comparison Epoctin vs. placcbo arms during doublc blind phasc
- for fraction of subjccts in cach arm attaining target hematocrit*
- for mecan hematocrit level
- for mcan numbc- of transfusions/paticnt/4 weceks of study
and for maintcnance dosc of Epoctin for maintenance phase of study arms

ritical effica ti ints:
-end of first 12 week “double blind™ phasc at which time the EPOETIN and CONTROL
arms could be compared for treatment cffect
- end of Epoctin dosc titration after cach group had received 12 wecks of Epoctin
of Epoctin ( EPOETIN arm weck 12; CONTROL arm weck 24)
- End of maintenance phasc comparison afier cach group had received 24 wecks of
maintenance Epoctin (EPOETIN arm week 36; CONTROL arm weck 48)

* Targef hematocrit was attainment of 30-36% target hematocrit or increase of 6% hematocrit
points above basclinc at any point during the 12 weck Epoctin titration period.



Secondary endpoints included transfusion independence; Epoctin alfa dose needed to achieve
-target level in U/kg/wecek; rate of hematocrit rise in points /weck; cognitive function; growth
assessment and sexual development; scrum ferritin, transferrin saturation; dose of supplemental
iron nceded; blood pressure; scrum chemistry determinations, and others -scc list under cfficacy.

Safcty endpoints included incidence of AE; laboratory chemistry and hematology abnormalitics;
vital signs including blood pressure.

Statistical analyses: Continuous variables with a normal distribution were analyzed by paired t tests;
if the distribution was not normal a non-parametric test was used. Dichotomous data were compared using
Chi Squarc testing or Fisher's Exact test. Stratificd data analysis and comparison of fraction of paticnts in
cach arm to attain the target het employced the Cochran-Mantel-Haenszel analysis. The majority of
sccondary endpoints were descriptive and were not analyzed statistically.

stima m in origin rotocol; Estimatcs of the power for the four efficacy endpoints

were as follows. By the end of the double blind period, 90% of EPOETIN arm paticnts as compared to 10%
of CONTROL arm subjects would attain the target level demonstrating the treatment effect. Twelve to 16
patients per group/arm would provide a significance level of 0.01 to 0.005 and power 0of 0.9 to 0.99. The
samc numbers of paticnts would be adequate to show a significant differcnce of 6 hematocrit % points
between HD EPOETIN and HD CONTROL groups at the same significance level and power. It was
cstimated that 20 paticnts per group/arm would be nccded to show a difference of onc transfusion
/paticnt/month between the two study groups during the first 12 week period (0.01 significance level, power
0.9). Power calculations assumed a high dropout ratc and projected that 50 paticnts per group/arm were
nceded te mecet all primary endpoints.

It was anticipated that at the end of the Epoctin titration phasc there would be a positive treatment cffect
((increasc of hematocrit to target level and lessened need for transfusion) present in both arms. A greater
than 2 hematocrit point difference between groups was viewed as clinically significant. With 30 paticnts
per group. a 2 % or > difference in hematocrit could be detected at 0.01 level of significance with 90%
power assuming the hematocrit at the end of 12 weeks was 27% or higher.

Limitcd riscs in hematocrit were expected during the maintenance phasc. At the end of the maintenance
phasc a similar treatment cffect in cach arm was anticipated ( increase of hematocrit to target level and
lcssened nced for transfusion). To show that the difference between arms was no greater than 3 het points,
it was estimated that 30 paticnts were needed ( significance level of 0.01, power of 90%).

Study subjects: All subjects were children with CRF less than 18 ycars of age at time of study entry
who were currently on cither hemodialysis (HD) or peritoncal dialysis(PD). Pre-transfusion hematocrits on
at lcast two occasions had to be less than or cqual to 27%. If transferrin saturation was < than 20%. the
paticnt reccived a course of parenteral iron 30 days prior to study entry. Individuals who had reccived prior
Eryvthropoictin trcatment or other investigational agents/drugs were cxcluded .

Dosing: During the double blind phasc (first 12 weeks), both hemodialysis and peritoneal dialysis
patients in the EPOETIN group reccived a dosc of 150 Units/kg per week given T.1.W. Peritoneal dialysis
paticnt received subcutancous (SC) injections of Eogtin alfa whilc hemodialysis patients were given
Epoctin by the intravcnous route. The dose could n;gi‘ﬁcrcascd until week 16 but could be reduced before
then using different adjustment stratcgics for HD and PD paticnts as follows: For HD paticnts, when
hematocrit rcached 33% or > on two consccutive measurements or the rate of risc was > than 2%/weck for
two wecks, the dose was lowered by 10 Units/kg maintaining the T.1.W. dosc schedulc- allowing 2 week
intervals between dose reductions. PD patients under the same circumstances had the 50 Units/kg dose
reduced to BIWamd then to once a week- if necessary.



Thec CONTROL arm reccived a placcbo preparation during the double blind phasc which contained only
the excipicnt 0.25% albumin in isotonic salinc and sodium citratc buffered solution. The placebo solution
was_non-pyrogenic , sterile , clear, colorless and particle-free and identical to the vehicle used for
commercial Epoctin. '

During the maintcnance phase the goal was to achicve a stable hematocrit between 30-36%. If the
hematocrit rose above 36% the dose was reduced by 10 Units/kg in HD subjects or by elimination of onc
of the weekly doscs in the PD paticnts. The dosc could be increased after 16 wecks of Epoctin therapy had
been completed ( week 4 of maintenance phase) to bring the patient into the 30-36% hct dosc range as -
follows: PD patients who were receiving less than T.I.W. injections would have the number of SC
injections incrcased to T.1.W. and then the dose would be increased by 10 Units/kg. HD patients would have
doscs incrcased by 10 Units/kg . Two weck intervals would be maintained between adjustments.

Monitoring: The experimental schedule and tests are listed in the study calendar -see enclosure 2.
Routine studies included history and physical examination, chest ray, complete blood count and differential,
serum iron level, transferrin saturation, platelct and reticulocyte determination, and clinical chemistry
inctuding coagulation studics. More specialized testing included nutrition assessment, cvaluation of
endocrinc status, gonadal tcsts, bone age determinations , and cognitive function tests (sce secondary
cfficacy endpoints). Erythropoeitin antibody determinations were performed at intervals (sce calendar-
enclosure 2). Safety data and data nceded for various secondary endpoints including adverse cvents, number
of transfusions of blood, numbecr of days of hospitalization, changes in dialysis strategy and concomitant
medications were recorded. Quality of life issucs including growth assessment, nutritional status, thyroid
function, cognitive and quality of life testing were analyzed separately using a battery of tests.

Concomitant medications were permitted at the discretion of the physician; the only exceptions were other
investigational agents. and immunosuppressives/ androgens for hemodialysis patients. If during the study
the paticnts transferrin saturation fell to < 30%, paticnts received oral iron supplementation at a dosc §-2
mg/kg and parcnteral iron if oral supplementation failed.

Blood pressurc was closcly monitored. It was reccommended that the dose of Epoctin alfa be decreased if the
hct increase excecded 4% in a 2 weck period.

2. CONDUCT OF THE STUDY

Disposition of patients: 113 patients were randomized; 55 to the EPOETIN arm and 58 to the
CONTROL arm. 102 paticnts complcted the double blind phase of the study ( 11 discontinuations); 64
paticnts completed the full study (49 discontinuations). The major reasons for discontinuation/failure to
complcte full course of study were renal transplantation (n= 18) and the administrative decision to
terminatce the study carly- in August 1993 (n=15).

During the double blind phasc ( first 12 wecks of study) there were 11 discontinuations; 3 in the
EPOETIN arm and 8 in the CONTROL ARM. In the 3 discontinuations from the EPOETIN arm, 2
subjects were transplanted with kidneys and onc died. In the CONTROL arm, one patient had intolerable
AE ( hypertension and siczures), onc paticnt was non-compliant (family problems), one patient was
transplanted, and four paticnts rcquested withdrawal - two so they could receive open- label Epoctin, onc duc
to change of modality of dialysis and onc duc to discomfort from repcated injcctions. Information was not
available on onc subject.

The reasons for the 49 discontinuations during the maintenance phasc arc shown in the sccond table below.



10

There was a higher number of discontinuations among patients in the CONTROL arm. A large fraction of
these were accounted for by renal transplants and patient withdrawal. The difference was consistent with a
Icss satisfactory quality of life of CONTROL vs. the EPOETIN arms.

EPOETIN am
(HD. PD)

55 (24,31)
3 (1,2

0
0

52 (23.29)
13 (6. 7)
39 (17.22)

Rcasons for withdrawal during thc maintcnance phase

EPOETIN am
(HD. PD)

16 (7, 9

(3. 2)
3. 4)

0. 1
©, n
0. h

(1 0)

O = O = = = OO

hanges/amendments t riginal pr ._There were four amendments to protocol; the first two
were limited and without conscquences to study. The third replaced cligibility critcria on page 7/scction
4.1.3 and trcatment on page 23/scction 9.1.9 as follows. Entry critcria was changed to transferrin saturation
(> 20% ) alonc rather than both transferrin saturation and scrum ferritin. The same alteration in criteria was

madc for initiation of parenteral iron therapy. The fourth amendment changed cntry criteria from < 1000 to
< 2000 ANC /mm".
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3. _RESULTS - BASELINE DEMOGRAPHIC/CLINICAL FEATURES: EPOETIN and
CONTROL arms and HD and PD groups had similar characteristics. Approximately one half of the
patients were hypertensive and on mcdicntions for blood pressure control. Age data is given in scction 5.

PD
Control

TOTAL
Control

Prior immunotherap

Prior EPO therapy ™ i
Current hypertension - < - 54 - 67 53
Current anti-hypert. medication ™ - © 84 75 : 55

The figures indicate the % of positive subjects in the column category
All figurcs werc rounded off the ncarest wholc nur Her. For age, sex and race categorics ( categorics are
listed vertically and scparated by black lines ) the columns add up to 100%. For other catcgorics there is
ovcrlap of discasc or medical problems and % is > 100%

(Sources - volume 4. tables 4.1: 5.1: 5.3: and 5.4 )

Concurrent medjcations: Tables in scction 10.1 ( source- appendix E 13-1) were reviewed. There were
no substantial differences in concurrent medications during the study.



4. EFFICACY RESULTS- PRIMARY ENDPOINTS:

At the-end of the double blind phase there was a sharp difference between the arms
with respect to attainment of target hct, mean hematocrit level, and number of
transfusions/patient indicating a significant treatment effect.

In contrast, at the end of the titration phase when both arms had been exposed to
ervthropoeitin ( EPOETIN arm week 12 and CONTROL arm week 24) there were
comparable increments above the starting baseline. The two arms were approximartely
equal with respect to attainment of target hematocrit, mean hematocrit, number of
transfusions//patient and fraction of subjects who were transfusion independent.

At the end of maintenance phase the doses were comparable in both arms and
hematrocrit was increased-above-the-starting-level in almost all subjects. Individual
endpoints are discussed in detail below.

Statistical analysis of primary endpoints; The tabic below outlines the four prospectively defined
endpoints. The major statistical analyses for efficacy were comparisons between the two arms for
significant differences - using the first three of these endpoints, namely, attainment of target hematocrit,
mean %o hematocnt and mean number of transfusions/patient/four weeks. Attainment of target hematocrit
was calculated as the % patients achieving success/lack of success with a “success™ event countable at any
time during the double blind phasc. Mean hematocent comparisons were at end of the double blind phase
taverage of last three hematocrit valucs taken during last week of double blind phase) as was the number of
transtusions per patient/ over last four week period ( source- appendix C.1, C2 and C3 i volume 7).

CBIR statistical review of these data fully agree with the the sponsors  conclusions -
essentially that there were highly significant differences as a direct  result of the
treatment cffect (see statisticians report). In addition to repeating the calculations
using the prospectively declared endpoints a number of other factors were considered
by CBER.

e The auainment of target hematocrit had serious limitations as a direct measure of
trearment effect since unconfirmed observations of “success”™ were possible as a
result of RBC rtransfusions or laboratory error or  variation (see discussion below
and under CONCISE SUMMARY). CBER reanalyzed the same data using an
increase  of hematocrit 6% or > as the sole endpoint. A time to event analysis
was performed. The results continue to support a significant treatment effect of
Lpoetin in increasing the hemartocrit ( see Statistical Reviewer's Report).

* Mecan hematocrit was calculated  at the end of the double blind period both for the
subpopulation with full 12 weck data (EPOETIN arm 51 subjects and CONTROL
arm 52 subjects ) and for all patients with last value carried forward ; results were
similar (sce  Statistical Reviewer's  report).

® The secondary endpoint of transfusion independence was considered important
and included in cvaluation of the primary endpoints in evaluating treatment effect.
It was consistent with a significant treatment cffect for Epoetin.

® The prospective endpoint of mean hematocrit comparison of the arms was viewed
as —. since the bhaselines for the arms were similar. However the actual change in
cach arm- as detecrmined by the difference  between the end-of double-blind study
value and baseline valuc- was considered to have advantages over the prospectively
designated  choice of comparing end phase values. CBER analysis employing
change of hemartocrit showed a significant treatment effect (see Statistical
Reviewer's “report).



SUMMARY OF FOUR PRIMARY ENDPOINTS and STATISTICAL ANALYSIS

Sponsor’s CBER
Statistical Statistical
analysis Analysis

Fisher's Exact Confirmed
test p=0.001 using samc test

22.043.5

315459 T'wo sided t test Data differed but

p=<0.001 not cnough to
alter results

' at end Epoetin tm' fon p}\ase

durmg Epoctin mamtcnancc phasc .

MEAN NUMBER TRANSFUSIONS

{ PATIENT/ FOUR WEEKS
at basclme 0.44
at end double blind phéso ) 0.21 Wilcoxon rank Data differed but
S = : . sum and CMH not cnough 1o
¢ were both alter results
p=0.01 or <
at end Epoetin titration phase samc as
) 5 o e ah()vc
0.05
137 Ufkg = Notanalyzed Not analyzed

MEAN MAINTENANCE DOSE _ ~ 119 Ulkg
(mamtenance phase) Fl '

"Target hematocerit was a het between 30-36% or a nise of > 6% over the bascline het at any time during
the first 12 weeks (double blind phasc) of study. * There were 57 evaluable subjects rather than 58 enrolled
patients; patien. = in CONTROL arm lacked bascline and interval hematocrit values. The end of
double blind phase was week 12 for both arms: the end of Epoctin titration phasc was week 12 for
EPOETIN arm and"weck 24 for CONTROL. arm: the end of Epoctin maintenance phase was week 36 for
EPOETIN arm and week 48 for CONTROL. arm,
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Attainment of target hematocrit: During the double blind phasc a statistically significant higher
fraction of EPOETIN arm subjects attained the target hematocrit( EPOETIN arm 96%, CONTROL arm
58%). As anticipated when the CONTROL group was crosscd over and titrated with Epoctin a comparable
fraction of paticnts rcached the target hematocrit. When the data from the two study groups arc combined for
attainment of target hematocrit by end of Epoctin titration (EPOETIN arm week 12 + CONTROL arm
week 24), 91% or 96/105 of children attained the target hematocrit.

The surprisingly high fraction of CONTROL arm paticnts (n= 33/ 57) who reached
target levels at the end of week 12, before they received Epoetin, requires comment.
Mean hematocrit levels of the CONTROL group did not increase during the double
blind phase. Several factors account for thg. J i istency.  Firstly, the number of
RBC rtransfusions/per patient given to Ihe—bgléﬁ‘%‘ﬂg‘ group during the first 12 wecks,
was higher , namely 1.3 (3.0 HD and 0 PD) EPOETIN arm vs. 3.4 (4.1 HD and 2.8
PD) CONTROL arm artificially elevating the hematocrit above the target level in
many cases and registering a subject as having reached the target level . Antainment
of the target hematocrit was defined as positive if it occurred at any time during the
12 weeks even when it was on the basis of transient elevations attributable to
transfusions or to laboratory variations. When the graphed weck by week hematocrit
and transfusion levels for each patient were examined (source-volume 26, appendix
F1), maost CONTROL patients who reached target hematocrit did so transiently and
Jailed to maintain a consistent level nor show the incremental rise characteristic of
Epoetin- treated subjects. In conrrast the EPOETIN group showed a pattern of gradual
but sustained rise in hematocrit vs.time.

Mean_hematocrit levels of the two_arms: Hematocrit rose sharply during EPOETIN titration.
Bascline hematocrit vatues for the EPOETIN and CONTROL arms were 22.0 % and 21.5 % and increased
by 9.5 and 0.9 "o respectively by end of week 12 demonstrating a treatment effect. When CONTROL arm
subjects were crossed over and titrated with Epoctin for 12 weeks, hematocrit increased by 8% 10 30.4 %,
During the maintenance period the hematocerit remained at the higher level.

Changes_in transfusion_requirements and transfusion independence: The number of
transfusions per paticnt decreased in response to Epoctin treatment in the EPOETIN arm during the doubic
blind phasc and in the CONTROL arm during Epoctin titration (weeks 12-24). Individual patients showed
hematoenit rises as carly as 2-4 weeks after therapy began,

At baschine 65.5 and 62.1 % of EPOETIN and CONTROL groups were transfusion independent.
By the end of the study 31/31 CONTROL subjects and 37/39 of EPOETIN arm subjects were transfusion
independent. [Transfusion independence was defined as < S cc of whole blood or packed red cells kg
paticnt weight in any consccutive 4 week period]. This suggested that most children will respond to

. Epoctin despite differences in dosc needed and responsivity. Differences between subjects treated with
dificrent modes of dialysis/different routes of administration ( PD patients reccived SC Epoctin while HD
patients received 1V Epoctin) arc discussed next in section S.

The mean number of transfusions/paticnt/four weeks. the % of transfusion independent patients, and the
mean hematocrit all improved concomitantly (sce table ).



CONEOMITANT CHANGES IN HEMATOCRIT, MEAN NUMBER OF
TRANSFUSIONS/PATIENT, AND TRANSFUSION INDEPENDENCE SHOWN FOR
EACH FOUR WEEK PERIOD OF STUDY

Epoctin Epoctin Epoctin Epoctin [ Control Control Control Control
Period | # patients | Mcan # % transfusion | Mean # patients | Mcan # % transfusion | Mecan het
ending | remaining | transfusions | independent het remaining | transfusions/ | independent
week in study /pt/4 wk (n=) in study patient/ 4wk | (n=)
0 55 0.44 65.5 (30) 22.0 S8 0.52 62.1 (36) 21.5
4 55 0.11 89.1 (49) 26.8 57 0.46 63.2 (36)
8§ 31.2

54 . 92.6 (50) s3 0.64 62.3 (33)

192348y - 34
98.0 (49) 32.4 0.24 80 (40)
95.9 (47) 32.0 95.6 (43)
95.7 (45) 30.0 4 . . 953 (43) 130,
100 (45) 30.8 36 0.00 100 (36)

97.6 (41) | 30.6
949 37) 1307

34 0.00 100 (34)
? 34 0.00 100 (34)
40-48 31 0.00 100 (31)

Parcntheses are # of patients.[Source- volume |, attachment 3.3-12 and volume 6. appendix B1.2.6].

S. EFFICACY RESULTS -COMPARISONS OF STRATIFICATION SUBSETS

Data from the six stratification subscts were reviewed to determinc if age or mode of dialysis influenced
responsivity to Epoctin. Differences in the age distribution between PD and HD subjects make
mterpretation of any trend more difficult (see first table below). Initial comparison between stratification
subscts for attainment of target hematocrit at end of Epoctin titration (sce second table below) showed no
differences . In contrast, comparison of mean hematocrit change ( see third table below) suggested that the
hematoerit increased  faster in PD as compared to HD subjects ( see bold values for hematocrit in Epoctin

- ttration row in 3rd tablc below). The tast table ( fourth and lowest table in this scction) compares change
in hematoenit at four weekly intervals for HD and PD in both arms and confirms the impression that the
response Lo Epoctin is morc rapid in the PD as opposed to HD subjects. The differences observed between
HID and PD were marked duning Epoctin titration and tended 1o lessen and disappear during the
maintcnance phasc.

CBLR analyzed the differences between HD and PD response to Epoetin titration using
as the endpoint (success) an increase in hematocrit of 6% or more above the baseline
value:success was plotted as time to event and analyzed using the Log-Rank test. If
haseline hematocrit was not available for the first 7 days the patient was regarded as
uncvaluable. A hemarocrit value which demonstrated success had to be confirmed on
the next hemarocrit which either showed the same 6% or greater increase above
bascline and was no more than 1% less than the prior hematocrit value. The Jollowing
data were obtained. HD patients had median time to response of 69 days in both arms
while PD paticnts had median times of 26 days in EPOETIN arm and 38 days in
CONTROL arm. The difference between HD and PD was highly significant (see
Staristical Reviewer's Report).



AGE DISTRIBUTION IN TWO ARMS BY MODE OF DIALYSIS

““Tage bracket EPOETIN arm CONTROL arm
baseline number bascline number
PD
0-<§ ) 3 1 1
5-<1§ 13 16 12 19
15<18 11 10 1 4
totals 4 31 I3 34

SIX STRATIFICATION SUBSETS COMPARED FOR ATTAINMENT OF

TARGET HEMATO ‘RIT
: i Epoetin titration

in EPOETIN arm-wks

\(Qourcc Section 3.3.3 in volume 1, attachment 3.3. 6)

SIX STRATIFICATION SUBSETS COMPARED FOR CHANGES IN HEMATOCRIT

- Epoetin

titration :
i CONTROL o

arm-wks 12.24

# attain target

b

T Age Basehnc het’. Het-end
© bracket " ... " Epoctin
LT oL titration
: EPOETIN - EPOETIN

 mean het (n) g

i 0-<$
L 5<lS
<2 15-<18
=gl

0. (o

212(13) 286 (13)
- 19.6 (10) 32 26.2(10)

; 7.5 (23)

AR

, 5 23.9(5). - 30.5(5)
PD - 5-<15 2 23,9(16) . 34.5(16)
P 2L1(10) -+ 36.2(10)

34431

HD+PD - 0-<5 :23.0(5) .. 30.5(5)

HD +PD - 5-<15 $227{29)  31.8(29)
-HD+PD . 15-<18 20,3 (20) 31.2(20)

HD+ PD  altages  21.9 (54) 31.5(54)

Changc
het

CONTROL

mean hct
n)

279 (1)
20.0 (10)
22.5(11)
21.6 (22
20.0 (10)
201 (18)
26.1 (4)
21.4(32)

2071

5.5
7.3

156

12.1

20.7 (28)
23.5(15) 12.5
21.5(54) 9.3
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{Source- Appendix B1.2.1 in volume 6 is the final study report rather than the Summary of cfTicacy (SOFE) from which the
majority of information was obtained . This was done to provide comparable information on both study arms ( SOb lacked
comparable CONTROL arm dalta).) Bascline het is the pre-trcatment measure closest to first dosc of agent. The EPOETIN arm
het at 12 weceks was the last available measurement during the double blind phase. The CONTROL anm mcasurement is the last
available het in the 24 week treatment phase. Attainment of target het in last column refers to prospectively designated primary
cndpoint of increase of het cqual to or > 6% or a het > 30%.

FOUR WEEKLY COMPARISONS OF MEAN HCT OF HD AND PD PATIENTS
HD SHD L PD D

EPO iock

mcan hct (N)

. mean hct (N)

20.5 (23) - 229 (31)
244 (23) 31
27.9 (23) (3N
27.5 (23) 31
29.0 (20) 27
30.1 (20) 2N
294 (20) 27
Maintenance ~last.
28/40 30.0 (17 (24)
32/44 29.2 (17) 292 (1 (24)
26/48 30.2 (16) . 302 (10} (23)

EPO/Placebo- refers to the study week of patients on EPOETIN arm and Placebo arm

Epoctin doscs: There was no difference 1in median dosc of Epoctin needed to achicve target hematocrit
between the EPOETIN and CONTROL arms and between HID and PD patients. On the other hand it is
noted that the median maintenance dose for PD patients for the last two weceks of the study was 76
Units/kg per week for PD patients as compared to 167 Units/kg/wecek for HD paticents. There was no
significant difference in the Epoctin needed to reach the target het between arms (see below) or for HD vs.
PD paticnts but there was a difference in maintenance dosc. . EPO-9118 study of pediatric patients on
maintcnance Epoctin showed similar maintenance dose differences between HD and PD children.

MEDIAN DOSE TO ACHIEVE TARGET HEMATOCRIT

AFTER FPOETIN TITRATION

Dosce in
Units/kg/weck
all patients

EPOETIN ARM 143

CONTROL ARM 144

Dosce in Units
/kg/week
PD) patients

140

142

MEDIAN DOSE TO ACHIEVE TARGET HEMATOCRIT
DURING MAINTENANCE PHASE

CONTROL ARM = 137

e

Dosc in Dose in
Units’kg/weck Units/kg/weo!
S all paticnts HD patients
EPOETINARM - 119 5

or 167%

Dosc in Units
/kg/week
PD paticnts
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Mcan dosc during entire maintenance period calculated by sponsor and found in SOE
Mgean dosc during last two weeks of maintenance period calculated by CBER

"~

6. RESULTS- SECONDARY EFFICACY AND SAFETY ENDPOINTS
Secondary endpoints included; many were quantitative.

¢  Transfusion indepcndence

Epoetin alfa dose needed to achieve target level in U/kg/weck
Rate of hct rise in points /weck

Quality of life and Cognitive function

Growth asscssment and sexual development

Endocrine function incl. thyroid

Ferritin, transferrin saturation

Dosc of supplemental iron needed

Blood pressure

Serum chemistry valucs

Nutrition asscssment

Frequency and duration of hospitalization

Reticulocyte count

Safcty cndpoints included:

¢ Incidence AE

e Laboratory serum chemistries and hematologoy
e  Vital signs including blood pressure

Transfusion independence: At baseline 36/55 (65.5%) of HD and 36/58 (62.1%) of PD paticnts were
transfusion indcpendent. At end of the double blind period, 92% (48/52) of EPOETIN arm subjects were
transfusion independent as compared to 71% (37/52) in the CONTROL amm [sce lla, scction 4 }. The
difference was statistically significant. After the CONTROL arm was crosscd over ( and reccived Epoetin)
the percentage of transfusion independent patients in the CONTROL rose to 95% (41/43) comparable to
the results in the EPOETIN arm.

Ferritin and_transferrin_saturation: Transfcrrin saturation decreased during the first four wecks of the
study (mcan changed from 40.8% to 21.0%- 26.5% £ 20.0%) and then remained stable. At the end of week
12 thc EPOETIN arm was 29.3% vs CONTROL arm 43.2% - p= <0.001. The average transferrin
saturation remaincd above 20% for the course of the study. Ferritin concentrations did not differ between the
two arms. In general more PD than HD patients received iron supplementation. Oral supplemectation was
morc frequent than 1V iron.

Cognitive testing: 111/ 0of 113 paticnts were tested at bascline and three month intervals. Striking
dcvclopmental delays were presert at the baseline and persisted through the testing period. Improvement
was noted after 6-9 months of therapy. The sponsors are forthright in indicating that results were not
dcfinitive and interpretation required caution. No conclusions could be drawn from the data .

Nutrition assessment: A diary was kept on three consccutive days and the analyzed by a software
program comparing the results with paired t test. The results showed a modest increasc in energy intake

(61.7 CONTROL vs 70.0%. p= 0.069 EPOETIN-% RDA in intakc) in the last 12 wecks of therapy.

Growth and Sexual development: Growth was mcasured by changes from basclinc in height, weight

and head circumference. No significant differences were noted. Skeletal maturity used radiographs of the left
hand/wrist and showed increasc in skeletal maturity commensurate with increase in chronological age but no
acccleration or maturity to compensate for the retarded development present in the children at start of study.
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Scxual development was measured according to Tanner staging and revealed no significant differences
between trcatment groups.

Other measurements: No diffcrcnces, arc reported for any other laboratory measurements .

PART IIb- STUDY EPO-9118 REVIEW

1 STUDY DESIGN

Overview and Experimenta) design:  Study EPO-9118 was a singlc atm, non-randomized, uncontrolled

study of 74 children (40 males and 34 females) with CRF on cither hemodialysis or peritoncal dialysis- all
of whom had recently completed participation in study EPO-9002. The purposc of the study was to evaluate
the safcty and performance of Epoctin therapy in children for longer than the 24 wecks on maintenance
therapy of study EPO -9002. Study duration was |12 months but patients were permitted to exit .
Stratification was by modec of dialysis ( HD or PD) and by age brackets 0-<$§, 5-<15, and 15-<18, or> I8
years.

Study subjects: There were 74 subjects enrolled at 13 sites. Exclusion criteria included systemic
hematologic discases and cytotoxic/ immunosuppressive therapy.

Planned analyses: The primary efficacy endpoints were hematocrit and Epoetin alfa dose and frequency.
Hematocrit was judged by the fraction of paticnts, during four weck intervals, who remained within the
target hematocrit range of 30-36%. Secondary endpoints included transferrin saturation and ferritin
concentration, the fraction of patients whose transferrin saturation was < 20%, the number of transfusions,
and growth and sexual development. Safety variables included AE, blood pressure , serum chemistries ,
concomitant medications. Most primary and sccondary analyses were descriptive.

Dosing schedule:  All patients entered the study at their current (EPO-9002) dosc of Epoetin alfa,
frequency and route of administration. PD paticents received subcutaneous (SC) Epoctin alfa injections
usually given by a parent or guardian; HD patients received 1V agent through the extracorporeal tubing
during the last 5 minutes of dialysis. Dosc adjustments were designed to stabilize hematocrit within target
rangc of 30-36%. If HD patients required a dose reduction, dosc was decreased by 10 Units/kg maintaining
the same frequency of administration and using 2 weck or greater intervals between dose reductions until
the hematocrit was in the target range. Dosc increases were 10 Univkg with intervals of 2 weeks. In PD
paticnts dosc reduction was by climination of one dose/week with two week intervals between dose
decreascs. Increases in dose in PD paticnts were in 10 Unitkg increments with two weck intervals. There
was a maximum dose of 10,000 Units or 200 Units/’kg for both HD and PD paticnts.

Monitoring: The experimental schedule and tests arc listed on study calendar -see enclosure 2. The schedule
was similar to EPO-9002. Routinc studics included history and physical cxaminations, chest xray, complete
blood counts and differential, scrum iron levels, transferrin saturation, platelet and reticulocyte
determinations, clinical chemistry including coagulation studics. Erythropoeitin antibody detcrminations
were performed at intervals (sce calendar). Growth assessment, nutritional status, thyroid function,
cognitivc and quality of life testing were analyzed scparately using a battery of tests. Safety data and
sccondary endpoint data collccted included adverse events, number of transfusions of blood, number of days
of hospitalization, changes in dialysis strategy and concomitant medications.

Procedures: Concomitant medications were permitted at the discretion of the physician; the only
‘cxceptions were other investigational agents, and immunosuppressives/androgens for hemodialysis
paticnts. Ifdunng’thc study the paticnts transferrin saturation fell < 30%, patients reccived oral iron
supplementation at a dosc 1-2 mg/kg and parenteral iron if oral supplementation failed. Blood pressurc was
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closely monitored. It was recommended that the dose of Epoetin alfa be decreased if the hematocrit increase
excecded 4% in a 2 week period.

2. CONDUCT OF THE STUDY
Patient disposition: The study duration was 12 months but was administratively terminated carly by
sponsor creating a fraction of patients whom were studicd for iess time; the mean duration of patient study
was 36.9 weeks ( range 2-84 wecks). The reasons for discontinuation includc 47 patients discontinued study
because of premature truncation of the experimental program; 21 because of transplants and 6 for other
rcasons (sce sccond table below). Thirty-three subjects discontinued participation aftcr 6 months on
therapy leaving 41 patients. By 12 months only 26 or roughly a third of children remaincd on stud\;

. Paticnt discontinued

. Study Administratively discontinucd by sponsor
Completed 6 months

Patient discontinued

. Study Administratively discontinucd by sponsor
Completed 12 months

Patient discontinued

. Study Administratively discontinued by sponsor
. Complcted 18 months

- Study Administratively discontinued bv sponsor

3. RESULTS- DEMOGRAPHIC/CLINICAL FEATURES

HD HD % PD total
n= = n=
20 40
15 34
6 20
14 23
14 29
I 2
0 6
19 44
11 17
5 . 7




Cause 0f CRF -

Dysplasia/hypoplasia -
Glomerulonephritis
Obstructive uropathy

‘Focal segmental glomerulosclerosis

HD % &

PD %

4. RESULTS- ENDPOINTS

Hematocrit values and target range: For the entire treatment period an average of 51% of patients
had hematocrit valuces in the 30-36% range. The percent of paticnts in the target range at four week intervals

1s shown below.

PATIENTS WITH HEMATOCRITS IN THE TARGET RANGE

Week  Total number of . Percent patients in  J fweeks - Total numberof .o Percent paticnts in
patients tarpel range Cpatients o targel range

-4 69 348" o FR45-4R 26 877

5-8 71 423 49-52 62.5

9-12 . o4 42.2 53-56 022 COOR.2

13-16 57 544 57-60 1 47

17-20 43 51.2 61-64 1] - 47.1

21-24 139 46.2 65-68 41.7

25-28 37 45.9 (9-72 S3R

29-32 32 40.6 73-76 583

33-36 A2 375 77-80 62.5

37-40 31 41.9 R1-84 833

41-44 29 51.7

Results- Epoetin_alfa dose and frequency: Most patients during the study reccived 50-200

Umts/kg per week with the most common (median) dose being 180 Units/kg per week given TIW
(n=43/74). Changes in dosing were most frequent duaring the first 36 weeks of study with many paticnts
changing the dose one or more times. After 36 weeks fewer dose changes were observed.

’ HD

Average monthly hematocrit 309", 31.9%

(range 29 (0 to 32.1%) {range 28.6 t0 35.5%)
Mecdian Epoetin dosc range during study  143-340 Units/’kg/wecek 58-117 Units‘kg/weck
Median dose of Epoctin
dunng study - 174 Units’kg/week 89 Unifsfkgz'wcck

PD I
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Results-transfusions: Fourtcen or 19% of the 74 paticnts rcceived 28 transfusions- an average of 2
transfusions per transfused paticnt or 0.4 transfusions per paticnt if all patients arc considered. Transfusion
volumes for the 14 children who reccived blood are shown in the table below.

Number of transfusions

1
4
3
1
6
1
2
- 2
]
1
1
1
1
3

(Source was volume 31, section 9.6.2 of study report, table D, page 38)

Results-other endpoints: Mcan monthly transferrin saturation range was 23.7% to 35.2% during the
study . From 13.8% to 48.2%. of paticnts had transferrin saturation levels equal to or < 20%. HD paticnts
generally had lower transferrin saturation; however, there was no difference in the number of HD and PD
patients who received iron supplementation.

Epdctin maintcnance treatment was not reported to have a discernible cffect on growth and development,
sexual development, bone age or cognitive function.

Safety: The AE data are reviewed as integrated data in part 11 of this report. Inspection of the EPO-9118
safcty data for events of intcrest/concern does not suggest differences from data reported for adults and that
data summarized in the Integrated Safcty Analysis. These data are similar to previously reported incidences
of cvents/paticnt year ;sclected figures include access infection 0.46, access complication 0.49, influenza
like symptoms 0.36, hypertension 0.49, convulsions 0.43.

PART Ilc- STUDY EPO -8905 REVIEW

1.STUDY DESIGN

Overview and experimental design: Study EPO-8905 was a two arm, placebo controlled, randomized
study of 10 paticnts with CRF on hemodialysis ranging in age from 7 to 18 ycars . Onc arm reccived
placebo . the other Epoctin alfa IV 150 Units/kg/per week given TIW. Dosc was adjusted to attain a target
hcmatocrit of 32-38%. At the end of the 12 week double blind period the study was unblinded. Placebo arm
paticnts were then crossed over to a 12 weck phasc of Epoctin titration while treatment arm subjects were
placed on a maintenance schedule using the same 32-38% target hematocrit range . At 24 wecks all patients
were placed in a maintenance phase. Dosc adjustment was by 10 Units/kg increments or decrements.
Paticnts could remain on study for up to 2 years.

Study subjects: All study subjects were children with chronic renal failure on hemodialysis for at lcast
three months andender the age of 18 at time of study cntry. Basclinc hematocrit had to be < 30%.
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Procedures _and _dosing schedule; With few exceptions the study procedures were similar to EPO-

9002. Among the differences were the target hematocrit range which was 32-38% as comparced to 30-36%
for thc £PO-9002 study: .

Monitering: Similar to study EPO-9002-scc enclosure 2 for study calendar.

Endpoints _and Planned analyses: Endpoints were comparative hematocrit values and volume of
transfusions.

2. CONDUCT OF THE STUDY
Paticnt disposition:

Study phasc Results EPOLTIN CONTROL
arm am
Double blind phasc Entered 4 6
wks 1-12
Discontinued 0 1*
Unblinded phasc E:ntered 4 S
wks 12-24
Discontinucd 1* 0
Compicted study 3 5

* Discontinued because of renal transplantation

3. RESULTS-DEMOGRAPHIC FEATURES:

Vanable

EPOETIN arm

CONTROL, arm

Age -mcan + range
Sex

Current hypent.
Diabetic

16.5 (15-18)
2 male/2 fm
RYE
04

10.7(7-16)
4 malc/2 fm
4/6
/6

Three/ 10 patients had glomerulonephnitis; 1710 polyeystic kidney dis.; 6/10 other urologic problems

4. RESULTS-ENDPOINT.
BETWEEN GROUP COMPARISONS OF HEMATOCRIT

EPOLTIN arm CONTROL arm p value
n het®a n het %o
Bascline 4 219 ) 21.8 0.899
Wecek 4 4 244 h 19.6 0.001
Week 8 4 28.2 S 224 0.031
Week 12 4 29.6 S 229 0.023

WITHIN GROUP COMPARISONS OF HEMATQCRIT

Difterence p value
n het®o from bascline

EPOETIN
Weck 4 4 244 25 0.066
Week 8 4 282 6.3 0.049
Week 12 4 29.6 7.7 0.062
CONTROL

- Week 4 S 19.6 -2 0.093
Wecek & 5 224 0.6 0.795
Week 12 S 22.9 I.1 0.537
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Transfusion: During the first 4 wecks of study 1/4 EPOETIN arm and 4/5 CONTROL arm subjects
were transfuscd. During the last 4 weeks of the double blind phase none of the EPOETIN arm but all
CONTROL arm subjects required transfusion. )

PART Ild- STUDY EPO -8702 REVIEW

Overview and experimental design: Study EPO-8702 was a singlc arm, non-randomized, non-
placcbo controlled study of five children with chronic renal failure receiving peritoncal dialysis.Paticnts
received 150 Units/kg/per weck subcutancously TIW for 12 weeks. The target hematocrit of 35% or an

incrcase of 10 hematocrit % units over bascline.

Results: The study was a safcty and tolerance study in children receiving peritoncal dialysis and a
preliminary activity study and as such the numbers were too small for statistical analysis. All five subjects
responded to Epoctin therapy with increascs in hematocrit and a lessened number of transfusions. Safety
data were included in the integrated safcty analysis.

PART 1T

INTEGRATED SAFETY ANALYSIS

1. .BACKGROUND AND METHODOLOGY FOR SAFETY REVIEW

Sources of data: Intcgrated safcty data for pediatric patients on dialysis werc collected from the four
clinical trials as shown below. Two analyses were performed ; they are referred to as the * double blind
analysis™ and “all exposure analysis™. The double blind analysis™ included all patients who received at
Icast onc dosc of Epoctin or placcbo during the first 12 wecks of study. It was an intend- to -treat analysis
and includcs all paticnts including thosc who had less than 12 weeks of study time. The * all exposurc
analysis™ includes subjects who reccived at Icast onc dose of Epoetin alfa. This amounted to 135.7 paticnt
ycars of drug exposure. The™ all exposurc analysis™ group had a smaller number of paticnts than the double
blind serics since it excluded the 8 EPO-9002 subjects and one EPO-8905 subject who were randomized
to the placebo and dropped out before receiving Epoetin. Subjects first enrolled into EPO-9002 and then
crossed over into EPO-9118 maintenance studyv were only counted once

23

: DOUBLE

. onc paticnt withdrew and did not crossover 10 Epoactin treatinent

h aight patents withdrew and did not ¢ to | poctin

€ = 74 pancnts who complcted FPO- 9002 and milcd over snio PO TER wore counted only ance under EPO-9002 in ~all ctposure analyss™

Collection of data: A modificd dictionary ( WHO-ART) was used by medically traincd Amgen staff to
classify Investigator descriptions of AE into preferred terms and body systems. When available
information was insufficient the AE was Icfl uncoded and a verbatim description was provided.
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TYPE OF ADVERSE EVENT Column A Column B Statistical ALL
DOUBLE DOUBLE analysis of EXPOSURE
BLIND BLIND columns ANALYSIS
ANALYSIS | ANALYSIS | A vs.B )
subjects exposed 1o Epoetin Placebo Epoctin
(n) (59 (64) (119
DEATH 1 0 2
# subj.
WITHDRAWALS DUE TO AE 0 1 T 0
# subj.
AE by PREFERRED TERM-% subj.(n)
in order of frequency
hypertcnsion 25.4(15) 17.2(11) p=0.28 FE 44.5
vomiting 22.0(13) 21.9 (14) p=1.0 FE ]37.0
hcadache 22.0(13) 29.7 (19) p=0.41 FE 444
myalgia 20.3 (12) 63 4) p=0.03 FE 29.4
abdominal pain 20.3 (12) 25.6 (16) p=0.67 FE 38.7
AE by BODY SYSTEM-% sub;.
gastrointestinal 67.8 594 p=0.35 FE 849
- body as whole 66.1 56.3 p=0.27 FE 79.8
nervous system 39.0 422 p=0.85 FE 55.5
skin & appendages 23.7 9.4 p=0.05 FE 47.1
respiratory 35.6 32.8 p=0.85 FE 60.5
SEVERE, LIFE THREATENING & FATAL
AE- % subj. (n)
all events 15.3(9) 6.3(4) na 21(36)
SPECIAL CONCERN AE-% subj. (n)
convulsions/siezurcs 8.5(5) 6.3 (4) p=0.74 FE 13.3
hypcrtension 254 17.2 p=0.28 FE 44.5
vasc. access
thrombosis 6.8 (4) 1.6 (1) p=0.19 FE 15.1
infection 20.3 (12) 12.5 (8) p=033 FE I m
clot 8.5(5) 12.5 (8) p=0.10 FE } 1.7
complication 10.2 (6) 6.3 (4)
SERIOUS AE-% subj. (n) 47.5(n=28) | 37.5(n=24) | p=0.264
CHI

Figures are for % of patients who have experienced event in each column
category; in some cases the number of subjects are given in parentheses.

Only Preferred term events> 5% were listed; Body System events were selected either because of their
frequency or possiblc relationship to agent bascd on historical experience.FE is Fishers Exact test: CHI is

chi squarc test: na is not applicable

(Sources of AE data- by Preferred term, by Body System, for Severe/life- threatening and fatal AE. and for
AE of special concem are Volume 2, attachments 3.4-5-8)
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2. DEATHS: There were two deaths during the study: both involved cardiac arrest . Neither was
considercd by the investigators to be related to Epoetin. Data and a clinical precis and a summary of the
autopsy rcport for patient = failed to link Epoctin to the patient death; subject — had multiplc
congenital abnormalities. Patient — likewisc died of uncertain causes not clearly related to the
expcrimental agent.

Trcatment
arm

CONTROL

EPOETIN

Paticnt — was a 6 month old male with chronic end stage renal discasc, microcephaly,
pseudohermaphrodism and developmental delays consistent with thc DRASH syndrome.
He was receiving peritoncal dialysis and had been cnrolled on the EPOETIN  study arm
for 8 weeks at the timec of his dcath. Other conditions he suffered from included
Wenckebach phcnomenon, hypertension thought to be volume related, cryptorchidism,
hypospadias, and dcvelopmental delay. He had history of repeated fevers with negative
culturcs. He was admitted to the hospital where he died onc day later with a temperature
of 40.8 C. Admission cxamination was non-contributory and the only laboratory
abnormality was a shift to the left of his whitc cells at the time of hospitalization. In the
T hospital the child became lcthargic with a slow pulsc and died shortly afterward; the
causc of his death was uncertain but thc possibility of overwhelming scpsis was
raiscd. Autopsy was consistent with cnd stage renal disease (small fibrotic kidneys) and
showed bilateral pulmonary congestion and bilateral effusions. There was generalized
lymphoid depletion, focal pancrecatic hemorrhages, a right perirenal hematoma and
developmental delay. As described carlier, hypospadias and cryptorchidism were present.

Patient —— was a 2.5 year old male who had reccived approximately onc year of
Epoctin. He expired two wecks after study EPO-9118 closed and 2 days after his last dosc
of Epoctin. At time of terminal hospitalization he presented with respiratory distress,
diarrhca and dehydration. .A*respiratory culture™ was positive for Aspergillus. During
hospitalization his condition decteriorated. There was a suspicion of sepsis. Dcath
occurred 7 days after admission. The causc of his dcath was attributed to respiratory
failure with possible scpsis and judged by investigator not to be Epoetin related.

3. WITHDRAWAL BECAUSE OF INTOLERABLE AE AND DROPOUTS:

The only listed withdrawal becausc of intolcrable AE was in thc CONTROL arm and occurred before the
paticnt reccived Epoetin ( scheduled to start weck 12). Dropouts are reviewed in section 11, 2 CONDUCT
OF THE STUDY .The discontinuation/dropout data do not suggest an unduc number of dropouts duc to
drug cffect during cither the double blind or maintenance phascs.
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4. SEVERE, LIFE THREATENING AND FATAL AE

The nuniber of subjects with severe, lifc threatening and fatal events are listed in the table below. The
preferred term for AE events was used . Multiple events occurred in subjects and as a conscquence the
number of affected patients and the number of type of events arc often different. The most frequent or
rclevant cvents arc listed under*all exposure™ analysis. In the comparative analysis between EPOETIN and
CONTROL arms at end of the double blind period there is no obvious discrcpancy to suggest drug-induced
AE. The “all exposure™ analysis is evaluated in scction 6 by comparison to published figures for incidence.

SEVERE, LIFE Double blind  Double blind

THREATENING OR analysis analysis

FATAL EVENT EPOETIN CONTROL
: ARM (n-59) ARM (n=64)

All exposure
analysis

number cvents 9 6
number subjects with event 9 4

AE event
Cardiac arrest [ ad
Cardiac failurc i*
Myalgia 2
Sepsis , » ]
Azotcmia 1

-~ GI hemorrhage ]
Hypertensive enceph. 1*
Access complication 1

AE cvent
Convulsions
Fever
Failure to thrive
Granulocytopenia

Hgocalcemia .-

AE event

Hyperkalemia

Hypertensive enceph.

Hypertension

Ventricular arrhythmia

Thr vasc access/or
access complication

Convuisions/siezures

Scpsis

Myalgia

Pancreatitis

Coagulation disorder

—_N - N

Figures show number of subjects with an event; parentheses show number of subjects.
Rel column indicates whether event was judged by investigator as related to Epoctin (Y) or not rclated (N).
Thr vasc acccess is thrombosis vascular access

** indicates fatal AE while * indicates life threatening AE

(Source was Appendix 3-1H | and 3-1M, volume 42-sce enclosurc 3)
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5. AE BY PREFERRED TERM AND BODY SYSTEM: The only two preferred terms which
appearcd” morc frequently in the EPOETIN when compared to the CONTROL arm was skin and appendages
and myalgia ( sce below). .

Skin _and appendages; Figures i‘n table below shows the percent of patients with each type of skin

condition. No skin AE was listcd as severc or life threatening. Most are attributable to the subcutancous
injcctions.

Bouble: blind - phase-Douhle -bind - phase
EPOETIN arm
23.7 (14)

11.9

3.4

1.7

Myalgia: The comparison of the subjects at the end of the double blind phase shows a significant
difference in incidence of myalgia. A patient by patient review of the 16 reported cases ( 12 were in
EPOETIN arm and 4 in the CONTROL arm) concluded that the myalgia was of limited duration although
data was missing for many subjects. Two of the 12 cascs in the EPOETIN group were classified as of
moderate scverity. There was no change in dose/disposition of the drug in any patient. Only onc case of the
12 EPOETIN arm cases was considered by the Investigators as possibly related to Epoetin. The Preferred
tcrm myalgia is broad ranging. At CBERs request the sponsor provided a list of verbatim terms from which
preferred term myalgia was interpreted. The list included as enclosure 4 can be seen to cover a wide varicty
of medical situations.

6. AE OF SPECIAL CONCERN:
INCIDENCE EPOGEN ASSOCIATED AE IN EVENTS /PATIENT YEAR

~AE PLA 97-0006* . 7. PDR 1994,
#events # events/
(# subj.) yrs exposure
12 (4) 12/135.7  0.088
3) 4/135.7

7/135.7 0.051

3 s

* all exposurc analysis * had a total of 135.7 paticnt ycars of cxposure



7. SERIOUS AE: Thc sponsor used the FDA definition of a serious cvent as any event which
suggests a significant hazard, contraindication, sidc cffect or precaution and included any life threatening or
fatal events, any event which requires or prolongs hospitalization, any event which causes permancnt
disability, any known or suspected overdosc, a malignancy or congenital anomaly. Therc was no detectable
of a differcnce between the cxperim;:ntal (EPOETIN) and placebo (CONTROL) arms.

EPOETIN arm
(n=59)

Bo— N
LV e )

N O = OO = O = o= = N

N o= NI ==

H

FIGURES ARE IN NUMBERS OF PATIENTS WHO HAD EVENT
Thr vasc access is thrombosis of vascular access.
(Sources -Attachment 3.4-9 in volume 2 and Appendix 3-1L in volume 42.)
All data arc for the first 12 wecks of the study, thai is the double blind phasec.

8.CHANGES IN BLOOD PRESSURE ( Source- volume 2, attachment 3.4-10) Monitoring of blood
pressurc showed a trend to a small increment in both systolic and diastolic blood press. CBER analysis
showed no significant differences.. There appeared to be more blood pressure rise in HD than PD paticnts
which could not be confirmed by statistical analysis ( Wilcoxon p value = 0.047; t test p= 0.055)



9. REVIEWER ANALYSIS OF SUBSET OF CHILDREN < 2 YEARS OF AGE:

(n= 11 availablc cascs-scc below)

e Two subjccts could not be evaluated. One had a short period of study (4 weeks) complicated by
infection; a second had insufficicnt data.

e Of the remaining 9 subjects . 6 responded to Epoctin with risc in hematocrit; five of the 6 responsive
patients had reviewer-evaluated * good responses™ defined as an increase in het of at lcast 4 % and a
response within 2-4 weceks afier start of Epoctin; three patients did not respond.

Pt. Agein Dose Attain Iner. TX : : Lvaluation (by CBER
Study years wk target W hat reviewer ) of hematocrit
arm TCSpONSe

Good responsc starting wk
2-4

s hypertension

e 03 9 N none O ' Cardiac arrest-

No responsc
E o death
— 04 36 5 ¢ 12% O hypertension Good rcsponsc starting wk
— 04 36 Y 9% wké access . Good response starting wk
/E o Lo .. complic. 2-4
0.6 48 Y 8% wk3,  scpsis - Good response starting wk
P S 5,10 24
— 08 49 ? -1 * hypercalcemia No response
o PR
T % 4 * * . infection *
P L
— 14 24 N 4 wk 24 infections - ~ No response
P ’
— 15 36 Y 5% 0 access complic ¢ « Good responsc starting wk
E 2-4
— 1.8 26 Y 3% wk 14  hypercalcemia - Responsc starting wk 2-4
P i
—_— 2.0 13 * * * * * o *
P

In column 2 P refers to CONTROL arm subjects and I 1o EPOETIN arm subjects.

In column 4 dose wk refers 10 the nur-bers of weeks on study

Column 5-10 all refer to the doubleblind phasce of the study

In column 5. Y indicates attinment of target het and N failure to obtain target het

Column 6 hsts the increase in hematoent between beginning and end of Doube Blind phase; TX refers to
# of transfusions of blood but ot to the volume transfused. Volume information is available in study
report

Columns 7 & 8 hist only major AE .Column 9 15 the reviewers judgment on the hematocrit response after
exanmining appendix F. 1 from Study Report of EPO 9002, volume 26, which provided paticnt by patient
graphs of het vs. time with additional Al: and TX data

Hypocale s hypocaleemia: hypercale is hypercaleemia: complic is complications: TX is red cell transfusion
* msufficient absent data
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10. REVIEWER ANALYSIS OF SUBSET OF PATIENTS WHO FAILED TO
RESPOND TO EPOETIN
Two T 55 subjects in the EPOETIN arm and 7 of 50 subjccts in the CONTROL arm 7/50 paticnts faiied to
attain the target hematocrit by the end of the Epoctin titration phasc. The table below shows that
the cumulative % of successful paticnts “flattens out™ by week 9-10 of Epoctin titration. If instcad of
attainment of target hematocrit ( increase het by 6 or > % or het in 30-36 range) a lower increment of
hematocrit clevation is sct as the target. the data suggcslﬂ'lhat almost all children will respond to Epoctin.
Data from EPOETIN arm only, which w cre provided by sponsor, (Source -volumc 6, appendix B.1.4,)
showed that all pediatric subjectsraisc their hematocrit 4% ( 54/54) and that 53/54 raised their hematocrit
by 5% by cnd of double blind phasc.The information suggests that there is a varicd responsc to Epoctin, and
that the non-responders may represent only occasional truly unresponsive children-and more often slow
responders or intercurrent clinical situations.
Week of Epoctin . =0 Cumulative % of
titration -~ . paticnts who attain
L target hematocrit

( n=105)

|

20.0
- 30.8
419
57.1
66.7
76.2
78.1
81.9
85.7
R9.5
90.5
91.4 (n=96)

L+ BNC B3N < JES WS L7 N I

=3

%]

11 POST-MARKETING EXPERIENCE FOR PEDIATRIC CRF PATIENTS ON
DIALYSIS ( Source is volume 42, appendix 3-5).

Description: Forty-cight reports of post-marketing AL were provided by sponsor. Patients ranged from 0.5
to 1¥ years: 3548 were CRF children on dialysis and the remainder had other diagnoscs. Reports were
collected from 6/1/89 1o 11/30/95 (table below). Thrombocythemia is noted twice one of which was after
hgh doses were given. There is an AE report (IND 4885/amendment 049 received 5/2/97) of
thrombocytosis of 802,000 platcicts'/mm3 1n a 52 vear old who received 8 wecks of Epoctin. A possiblc
drug reaction to cyclosponine is hsted 1n three cases. Summary of literature review provided in section 3.5
fatled to disclosc any AE not included in Imegrated  Safety Report of clinical trials.
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PART IV- LITERATURE REVIEW

Published literature on use of Fpoetin aifa in pediatric CRF patients on dialysis

e  Sixty-onc articles in English published betwcen 1989 and 1995 were obtained by a sponsor using a
computer litcraturc scarch. Scarch terms were ervthropoietin and pediatric dialvsis and databascs were
Medlinc from 1966, Embase from 1974, Biosis Previews from 1970 and Science Citation Index from
1987. Sixty one reports were citedcontaining 864 subjects. The same patient could have been in more
than onc study. Both original articles and abstracts were included.Foreign language articles and
revicws were cxcluded. Articies on erythropoietin beta were excluded. Articles which failed to address
the indications in this application were excluded. Articles on studies sponsored by AMGEN and already
in FDA files were excluded. (Source: Volume 3, section 3.5 & volume 42, appendix 3.6 A abstracts)

e  CBER litcraturc scarch using comparabic scarch tcrms and citation sources produced 219 citations
using thc same scarch terms, namely ervthropoietin and pediatric dialysis. The diffcrences between the
sponsor and CBER scarch was as follows; No articles werc excluded from CBER search for tack of
relevance; CBER scarch included a small number of forcign publications; Epoctin beta articles were not
cxcluded: review articles were not excluded. In addition CBER scarch included litcrature up to the
current time which was approximately |2 months later than the sponsor’s scarch. The sponsor was
asked to provide further details on thosc litcrature references they excluded in order to reconcile the
findings. In an additional submission to the application ( log number L97005974) the following
information was provided on cited references excluded from the 61 references used to support licensurc:

e 67 were irrclevant to the proposed indication of increased hematocrit and lessened

transfusions in CRF patients on dialysis

39 werc in a foreign language

12 were review articles

12 involved Epoctin beta

10 were duplications of data

X relevant articles were omitted. These were provided and reviewed and , similar to the

submitted data, support the use of Epoctin and provide some limited safety data.
e 10 other miscellancous articles are listed including some which were alrcady sent to FDA as

AMGEN sponsored studics.
The sponsor's scarch includes 211 articles‘abstracts and , considering the differences, was judged to be
comparablc to the CBER litcraturc scarch.

Summary of 20 published studies provided by sponsor from literature review for_ dose
. and hematocrit  response : Results are summarized for 20 articles in the table below (source- table
3.5.1. volume 3) sclected for availability of outcome data. Starting pediatric doscs ranged from 50-300
Units'kg/per week administered once, BIW or TIW. Time to hematocrit response was difficult to analyze
becausce of wide differences in experimental design and becausce of failure to distinguish between time to
minimum and maximum response and time to attainment of target level. All reports noted a responsc to
Epoctin ( increased hematocrit and/or decreased need for transfusions). Data on children who failed to
respond were very limited (sce reports in table below from Aufricht, Campos, Gagnadoux, Holloway):
however the results available were consistent with the 91% responsc figure at 12 weeks rcported in EPO-
9002.

Dan were reviewed for AE realted to Epoctin ( sce last column of table below). The most common
complications were incrcased blood pressure. which in some cases required treatment and the need for iron
therapy. Onc paper indicated that PD patients had™ better™ responscs to Epoctin. A number of reports
indicated improvemcent in cxercise tolerance and QOL. Dabbegh and Flcischman, 1991, rcported a
significant incredse in vascular access thrombosis from 0.08 to 0.15 per patient per month.
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Fransfusions: There were 14 published papzsrs (153 subjects). All of the reports showed improvement
in number of blood transfusions required.

Quality of Life (QOL): Twenty two published papers ( 361 subjects) reported improved quality of
life or a measurement related to quality of life (Source is Volume 3, table 3.5.2). In 10/21 published
papers positive effects included improved cxercise tolerance, improved acrobic work capacity and cffort
tolcrance along with feclings of wcll-being and iwed stamina.
Numberin | e Mode of dialysis
study : (HD or PD)

HD and PD

PD
PD
PD
HD
HD

PD and HD

PD and HD

HD
PD
HD

PD and HD
HD and HD
PD
PD

* Responding- is defined as an increase in hematocenit to target tevel during the 12 week double blind phasc
Hypert. = hypertension or hypertensive cpisode: wk = week: HD= hemodialysis: PD = peritoncal dialysis.
When available a rangc of times of responsc are given. Alteratively the landmark time at which a responsc
success was judged to be present was provided.

S. lron deficiency and supplementation : The litcrature review included 13 papers (130

- patients ) in which iron deficiency or nced for supplcmentation was referred to. Ten/13 papers
provided the specific number of paticnts (source- table 3.5.4 , sce Enclosure 1). The papers
cmphasize the nced to be aware of and to monitor iron status and provide oral iron when deficiency
occurs in children.
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—=-6: General conclusions: The data provided from the literature scarch support
cfficacy for correction of anemia and reduction of transfusion requirements.
With respect to safety the cited literature appears to involve similar problems
to those cencountered in adults, in particular elevation of blood pressure and
need for monitoring for iron deficiency.

B. Other published literature on the use of Epoetin alfa in pediatric CRF patients
not on dialysis, zidovudine-treated HIV-infected pediatric patients and pediatric cancer

patients on chemotherapy (Source: Volume 3. section 3.6 volume 3. scction 9.0 references)

LITERATURE* . ~ NUMBER LOCATION
SRR ‘ STUDIES INVOLUME 3
( # subjects) i —d
Pharmockinctic data on use of Epoctin alfa in children .6 _TABLE 361
: : C(74) Hs o
Use of Epoctin alfa in pre-dialysis pediatric CRF patients 17 - TABLE 3.6.2
T : (133) O
Use of Epoetin alfa in HIV infected pediatric patients with 3 - TABLE 3.6.3
anemin after Ziduvidine treatment (24) .
Use of Epoctin “alfa in pediatric paticnts with ancmia after 7 . TABLE 364
roceiving chemotherapy - (82) oL
Total ¥# references ~ 742

* Literature scarches were from 1984-1995 and used either Medline alone or with Embase and Biosis

C. Literature on use Epoctin alfa in children with CRF not on dialysis: The 133 study
paticnts in the 17 articles ranged in age from onc month to 20 years and were treated  for up to two years,
Dose ranged from 50-300 Units/kg per week with most doses between S0-150 Units/kg/per week. In those
reports which followed hematoenit response and transfusion requirements paticnts response times varied
from 4 to 12 weeks. The major AL noted were hypertension (S articles). Transient thrombocytosis . and {lu-
hke syndrome were also mentioned.

D. Literature on use Epoctin alfa in HIV infection children with anemia secondary to
Zidovudine The 20 study patients in 3 articles, one of which is an abstract. ranged in age from & months
10 17 years. Only 15 of the 20 chuldren were clearly receiving Zidovudine ;

Mucller, et al- Light patients were studied an average of 31.5 weeks. 7/8 had endogenous
ervthropocitin levels below SO0 umits while one child had a high value of 3430 units. Most of the
patients recerved > 4200 me week of 2idovudine. Epoctin dose varied from 150 to 400
Units'hg-per week. In revicwing the report 3 or possibly 4 of patients had a clear response of
mcreased hgb. The author stated that the use of Epoctin permitted the children to be maintained at
the current high dose of zidovudine. The author reported that Epoctin was well tolerated ; very
hmited AL data was presented.

Robins, et al. - Five patients were studied for & weeks. Doses were 150 Units/kg/week.
Endogenous Erythropoietin levels and Ziduvudine dose were not provided. It was reported that
both mean hemoglobin and reticulocyte counts increased as compared to controls.

Zucotti, ¢t al.-Eleven patients with a mean age of 4 years .10 months, were given both G-CSF and
Epoctin atfa 120 Units/hgrweek given TIW'BIW for four months. There was no data provided on
endogenous Erythropoictin icvels and ziduvudine dose. The author reported an increase in
hemoglobin and decrease in transfusions.
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E. Literature on use Epoetin ailfa in children with anemia associated with
chemotherapy. In adults Epoctin is approved for use in non-mycloid tumors.In the scven studics on 64
children between 0.5 and 18 years of age doses between 50 and 400 Units/kg/per week were used. All of the
reports notcd increases in hemoglobin and hematocrit. No AE were reported.

PART V. POST-MARKETING SAFETY DATA

A. All -sponsored clinical trials were searched to identify pediatric patients (ages 0-16 ycars)
trcated with Epoctin alfa for anemia associated with CRF, HIV, infection and cancer. 21 pediatric
patients were identificd of whom 2 were treated for ancmia of cancer, one for anemia associated with
zidovudinc treatment of HIV infection, 18 for ancmia associated with CRF-dialysis. No pre-dialysis
paticnts were found. ( see CIOMS | forms- provided in Appendix 3.6C in volume 44.)

B. - worldwide AE postmarketing surveillance data base was scarched for reports of children
trcated with Epoctin alfa under pre-dialysis , HI'V or cancer indications. There were for six reports all for
children under pre-dialysis. Three reports indicated children with hypertension with 2/3 having siczures.,
two children had skin reactions and the sixth had a fever. There were two reports of serious AE in children
with canccr ( gastrointestinal hemorrhage, scpticemia and shock ; massive biiateral pncumonitis in the
othcr). No reports were found in children with zidovudine related anemia.

C. AE reports for children treated for indications not approved in U.S. are found in appendix 3.6C in
valume 44,

D. Sce 11l section 11.
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PLA 97-0006

VI. CONCISE SUMMARY OF REVIEWER’S REPORT
AND CRITICAL COMMENTS

PLA 97-0006 is a supplementary PLA to extend the current licensure of Epoetin alfa to
the pediatric age group. The pediatric indications would include correction of anemia and
reduction of transfusion requirements in; i} children with CRF on either peritoneal or
hemodialysis; ii) children with CRF not on dialysis; iii) children receiving
chemotherapy and iv) children receiving Zidovudine for HIV infection. The expanded
license is supported by 4 Amgen-sponsored studies of 128 total patients from 0.2 to 19
years of age and by a literature review and by post-marketing reports. It would meet
the requirements of revised Pediatric Rule (12/13/94) CFR201.57,f,(9), (iii) for
CRF patients on dialysis and CFR201.57.f,(9)(iv)for indications ii, iii, and iv.

The major efficacy data which support the correction of anemia and decreased
transfusions, and safety during initial thergpeutic titration with Epoetin (12 week
period) are found in study EPO-9002 (n=113). A subset of patients (n=74) who
completed EPQO-9002 were enrolled into study EPO-9118 of maintenance therapy with
Epoetin alfa. Two small pilot studies, EPO-8702(n=10 )and EPO 8905 (n=5), provide
additional data.

1. EFFICACY

Study EPO-9002 adequately supports efficacy, that is the ability of
Epoetin to increase hematocrit’/hemoglobin and decrease or eliminate
transfusions in anemic children- for the cited indications. There were
three critical, prospectively- declared primary endpoints in the CRF study. They were:
(1) Comparative advantage of treated ( referred to as EPOETIN arm ) vs. placebo arm (
referred to as CONTROL arm) patients in attaining “target “ hematocrit during the
double blind phase ( first 12 weeks of study in both arms). ‘Target” hematocrit was
defined as reaching a hematocrit of 30% or > ¢ an increase in hematocrit of 6% or
greater above baseline. (2) Comparative advantage of Epoetin treated vs. placebo arm
patients as demonstrated by a significantly higher mean hematocrit at end of double blind
phase. (3) Comparative advantage of Epoetin treated vs. placebo arm patients in
decreased number of transfusions /patient/four weeks.

Study EPO-9002 had two arms to which patients were relatively equally and randomly
allocated . The study was double blinded and placebo controlled in the first 12 weeks. The
double blind phase permitted direct statistical comparison (for efficacy) of 55 Epoetin
treated to 58 placebo-treated children . After week12 the CONTROL arm patients were
started on a 12 week Epoetin litration course while the EPOETIN arm patients were
placed on a mamtenance, dose-adjusted schedule for 24 weeks. At week 24 the CONTROL
arm finished Epoetin titration and started a course of 24 weeks of maintenance therapy.
The non-concomitant research design (after week 12) facilitated collection of drug
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activity and drug exposure data from all 113 patients both during titration and
maintenance phases. In addition, it permitted confirmation of treatment effect by
anticipaling and testing for similar responses to Epoetin endpoints (although at different
timepoints)in both arms. These latter comparisons were made after both arms received
Epoetin titration doses ( EPOETIN arm week 1-12, CONTROL arm week 12-24) and
maintenance doses ( EPOETIN arm week 12-36, CONTROL arm week 24-48).

Attainment of “target “ hematocrit was the most central of the primary endpoints, since
it was used to determine sample size prospectively. One
positive event (either rise of hematocrit to > 30% or 6% or > increase over baseline) at
any time during the double blind period was scored as a success without confirmation.
The result was that " success” could be and was triggered by random laboratory
fluctuations in hematocrit values or by transfusions of blood. This proved a problem as
evidenced by the incongruous finding that 58% of CONTROL arm patients attained the
“target “ hematocrit without treatment and despite the finding that the mean hematocrit
of the CONTROL arm was unchanged after 12 weeks. Note the sponsor's protocol had
prospectively hypothesized that 10% of the CONTROL arm would reach the ‘“target *
hematocrit. Nevertheless the difference between the Epoetin treated and the placebo-
lreated children after 12 weeks was still highly significant (EPOETIN arm 96% vs.
CONTROL arm 58%, p=0.001).

More direct and convincing evidence for a treatment effect in these children is present in
the change of mean hematocrit of +11.5% hematocrit units in the EPOETIN arm vs. +0.9
% in the CONTROL arm and in the decrease in mean number of transfusions / per
patient/ 4 weeks of 0.23 in the EPOETIN arm vs. 0.12 in the CONTROL arm by the end
double blind study phase. Statistical comparisons were significant for both endpoints.

Other findings and trends further support activity of Epoetin in children. There is a
concomitant rise in hematocrit, in attainment of various target hematocrit/hemoglobin
values by individual subjects, in the decrease in the amount of RBC transfusions, in
transfusion independence in the Epoetin-treated vs. untreated subjects. Epoetin exposed
subjects show a consistent and steady increase in hematocrit when individual patient
results of time vs. hematocrit data are plotted; untreated children do not. An identical
pattern of rise of hematocrit and decrease in transfusions is seen in the CONTROL
subjects after delayed (non-concomitant research design) exposure to similar doses of
Epoetin.

Initial doses of 150 Units/kg/week given TIW either subcutaneously (PD patients) or
intravenously (HD patients) and a schedule for decreases but no increases in dose during
the double blind phase ( weeks 1-12) of study, and adjustments during the maintenance
phase, appeared to provide satisfactory dosing information for labeling. The mean
maintenance doses at end of study were 119, and 137 Units/kg/per week for EPOETIN
and CONTROL arms respectively. The differences were not significant. PD and HD
subsets show marked differences in maintenance dose ( see discussion below).

2 SAFETY

The safety profile of the studied children was by and large similar to that
observed to date in adults treated with Epoetin alfa- with few exceptions.
Integrated analyses of drug-exposed patients applied two analytic approaches. Subjects
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in the treatment and placebo arm of studies EPO-9002 (n=113) and EPO-8905(n=10)
were compared for AEs during the 12 week double blind phase [double blind analysis] .
Data 's\;also collected gn all patients for the entire period of drug exposure (n=119);
there were 135.7 cumulative patient -years of drug exposure (all exposure analysis).
Most data was expressed as % of affected subjects classified by AE Preferred
Term/Body System and for events in Severe, Life Threatening, and Fatal , and Serious
categories. AE which were of special concern because of a possible relationship to
Epoetin therapy in adults (hypertension, convulsions, vascular access complications
,thrombotic events) were examined separately.

The double blind analysis comparison reported a higher incidence of myalgia (Preferred
Term) and Skin and Appendage AE ( Body System). the data were myalgia 20.3 and 6.3 %
. and skin and appendages 23.7 and 9.4% incidence in treated and placebo arm subjects
respectively. The skin and appendage AE were related to local reactions to injection of
Epoetin . The myalgia was limited in duration and severity and rarely required
treatment. Hypertension and convulsions and vascular access complications had a trend
to higher values in the Epoetin treated comparative group; the differences were not
significant and were consistent with adult studies which suggest that the above AE are
low incidence events which could be related to Epoetin use but for which a clear
etiologic or dose relationship and information on vulnerable populations is limited.
Only one death occurred during the trial in the EPOETIN arm and it did not appear related
to the study drug. The one withdrawal from study due to intolerable AE was in the
CONTROL am.

3. The data indicate that the effect of Epoetin treatment may be different
in PD as opposed to HD children-with CRF. Results show that PD patients
respond faster to similar doses of Epoetin during the initial titration of patients into

the target range. In addition PD patients require a lower maintenance dose of Epoetin [

PD patients 97 Units/kg/week; HD 145 Units/kg/week). On the other hand the dose of
Epoetin needed to attain the target hematocrit and the eventual height of hematocrit
attained is not clearly different between HD and PD chiidren .

— The direct data show
substantial differences ( see Reviewer Report. lla, section 5; CBER Statistical Report
on time to event analysis comparing HD and PD groups; Sponsor's data in SOE). In
addition there is indirect /inferential support for the PD-HD differences. Perusal of
rate of response of individual patient plots of time vs. hematocrit shows discernible
differences between PD and HD children. The rate of RBC transfusions/patient during the
double blind phase was lower in PD patients (in EPOETIN arm 3.0 HD vs. 0 PD; in
CONTROL arm 4.1 HD vs. 2.8 PD).The difference observed in maintenance dose of
Epoetin in study EPO-9002 ( an Epoetin titration phase of 12 weeks followed by 24
week maintenance phase) was even more marked in study EPO-9118 which followed
these same patients on further maintenance Epoetin for an average of 36.9 more weeks.
If the PD- HD ditference in maintenance dose reflected a lack of equilibrium of one
mode of dialysis subset on maintenance therapy. it should diminish with time. There is
at least one literature report of PD-HD difference { Mueller-Weifel, D.E. etal
.Contrib. Nephrol. 1988,66:71-84).

A CBER
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analysis which used a “confirmed” 6% increase in hematocrit and a time to event
analysis found the same favorable response to Epoetin as did the sponsor using the
prospeclively defined “ attainment of target hct..

Explanations for the PD-HD differences encountered range from the possibility that PD
children receiving SC Epoetin and HD children receiving IV Epoetin represent different
stages of disease or disease populations or that the pharmacokinetics of SC and IV
administration of Epoetin are different . Explanations on a cellularlevel would involve
Erythropoeitin receptors or cell sensitivity to the agent.

4. The higher incidence of myalgia in Epoetin treated children is of unclear origin. The
majority of clinical reports describe short term muscle cramps. There is a
disproportionately higher number of HD than PD patients.

5. There is very little information on children under 2 years of age and more critically
under 6 months treated with Epoetin. The summary of the 11 children < 2 years in part
I, section 9, suggests that even young children do respond to Epoetin.
Furtherinformation on Epoetin treatment of premature children is being obtained and
may provide reassurance.

6. It is difficult to determine with any exactitude how many children fail to respond to
Epoetin since there is wide latitude in the dose needed and time to response, a number of
clinical states are reported to transiently interfere with response, and transfusion was
permitted at discretion of the investigator during the study making rate determinations
ditficult. ( see part lll, section 10). It is concluded that most children respond to
Epoetin and that the pediatric data are consistent with 95% responder rate referred to
for adult populations.

7. The indications for other than CRF children on dialysis are supported by literature
reviews. These reports suggest that Epoetin has a similar effect/activity to that seen in
CRF children on dialysis in raising the hematocrit’hemoglobin and decreasing
transfusion requirerments .

1. ITIS RECOMMENDED THAT EPOETIN ALFA LICENSURE BE EXTENDED TO PEDIATRIC
USE FOR THE CITED INDICATIONS.

2. THE CHANGES IN LABELING SHOULD NOTE THE DIFFERENCES IN PD VS. HD
RESPONSIVITY AND THE LIMITED DATA AVAILABLE ON VERY YOUNG CHILDREN.

3. FOR OTHER THAN CRF CHILDREN ON DIALYSIS THE LIMITATIONS PROVIDED FOR IN
THE PACKAGE INSERT BASED ON ADULT DATA SHOULD BE MAINTAINED.
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